in terms of academic economists' salaries. On a more general level, citations data have also been used to determine which research areas have been most prominent and to rank economics programs (e.g., Kim, Morse, and Zingales) . Given these considerations and the stated purpose of the AAEA, it would seem prudent to gain a better understanding of the factors affecting whether and to what extent agricultural economics research contributes to the state of knowledge as measured by citations. 1 The publishing landscape has changed dramatically in recent years, both in regards to the AAEA journals specifically and to all academic journals more generally. With the advent of the Internet and online journals, authors are now able, with a simple search and click of the mouse, to rapidly gain access to published research and working papers. How have these changes influenced the quantity of citations and the types of articles that are cited? The answer to this question is important because the number of citations to the work published in a journal, via statistics such as the impact factor, is increasingly being used as metric of journal quality and stature (Barrett, Aliakbar, and Bailey; Pieters and Baumgartner) . Indeed, the rising importance of citations has prompted the AAEA to make significant changes regarding the association's journals. First, beginning in 2003, the Review of Agricultural Economics (RAE) began being listed in ISI's Web of Science Citation Index, the leading provider of citation statistics on academic journal citations. Second, beginning in 2005, the proceedings from the association's winter meetings were no longer published in the American Journal of Agricultural Economics (AJAE) and were instead published in the RAE, a decision that has subsequently been reversed. What have been the effects of these changes to the AAEA, AJAE, and RAE? The purpose of this paper is to determine the association between author/article characteristics and citations to articles published in the RAE and AJAE and to investigate whether these citation patterns have changed over time.
Previous Research
A handful of studies have investigated factors associated with citations to articles published in general economics journals. Hudson and Medoff both analyzed citations to papers published in the top economics journals. Both papers found that longer articles tended to receive more citations. Interestingly, Hudson found that the number of self-citations significantly increased the number of non-self citations, a finding he attributes to "advertising." He also showed that a highly cited article in a particular journal issue could increase citations to all other articles in the same issue perhaps because of the increased visibility of the issue. Thus, highly cited papers seem to create positive externalities for other papers in the same issue. Hudson and Medoff both found that the number of authors was unrelated to citations. Hudson found an east coast bias for the American Economic Review. Authors from the east coast were more highly cited than non-east coast authors, but the same result was not true of the Economic Journal.
To our knowledge, the only previous research to address citations in an agricultural economics journal is Laband and Tollison (2006) . They studied the effect of authorship order on citations to papers published in the American Economic Review and the AJAE and found that whereas alphabetized two-authored papers received more citations in the first five years after publication than non-alphabetized Downloaded from https://academic.oup.com/aepp/article-abstract/31/4/677/7900 by guest on 13 February 2020 two-authored papers in the American Economic Review, the same was not true in the AJAE. This led Laband and Tollison (2006) , to speculate that (p. 1649), "the preponderance of nonalphabetized papers in agricultural economics, as compared to economics, is due in some part to the differential importance of nonmarket-based criteria to evaluate research in this area as opposed to economics departments."
Other authors have noted general phenomenon associated with publishing and citations related to the current study. Laband and Tollison (2003) reviewed citations to papers published in 73 journals in 1974 and 91 journals published in 1996. They found that in five years after initial publication, just over 26% percent of papers in 1974 and in 1996 were "dry holes," i.e., the papers had not received a single citation. They also found that in both time periods, over 85% of the papers received fewer than 10 citations within five years of publication. They interpreted these findings to mean that much of academic research is a wasted effort (however, see the comment by Mayer). Laband and Tollison's (2003) choice of studying citations only five years after publication is somewhat supported by Fok and Franses, who found that citations to articles published in the Journal of Econometrics and Econometrica tended to peak around 4 to 6 years after an article was published.
Ellison demonstrated that there has been a marked showdown in the publication process for economics papers, with today's papers receiving more and longer reviews than papers a few decades ago. He also showed a significant decline in citations to second-tier, general-interest economics journals and field journals relative to top general-interest economics journals from 1970 to 1998. He found that, (p. 977), "in 1970 and 1980 the top field journals and the second-tier generalinterest journals typically received about 30 percent fewer citations than the top general interest journals. Now they typically receive about 70 percent fewer." Ellison also suggested a possible link between review times and citations, showing that journals with longer review times tended to garner more citations.
The present study builds on previous research in a number of ways. First, besides the study of Laband and Tollison (2006) , to our knowledge, no research has focused specifically on citations to the AJAE, RAE, or any other agricultural economics journal for that matter. This is important because the sub-discipline of agricultural economics differs from the general economics field in many important ways as indicated by Laband and Tollison's (2006) findings related to alphabetized co-authorship. Second, because of the AAEA's recent decisions on which outlet to publishing the winter proceedings papers, it is of interest to determine the relative impact of proceedings papers and comments/replies on citation rates. Third, unlike several previous studies, we study all citations to date rather than restricting attention only to citations within the first five years after publication. Fourth, we explicitly compare citation patterns before and after AJAE articles were readily available online allowing us to determine whether technological change has affected citation patterns.
Methods
Data on authorship, article length, and so forth were collected on every article published in the AJAE in 1991 , 1993 , 2001 , 2003 , and 2005 and in the RAE in 2003 and 2005 2 Although most studies automatically omit proceedings issues and comments and replies, we purposefully included such papers in our dataset and in portions of our analysis to investigate the extent to which such works obtain fewer citations than regular papers. We chose to include data from the early 1990s for the AJAE because it represents a time prior to the advent of the Internet and the explosive growth in economics journals, but it is a time period for which the types of articles published in terms of style and methodology were not substantively different than what is currently published. The three years in the early 2000s were chosen to represent a time after which the AJAE was available online, and for which there is comparable data from the RAE. Clearly, the works published in 2001, 2003, and 2005 are likely to gain many more citations in the future. However, it is fruitful to compare citation rates obtained in the first few years after publication between the 1990s and the 2000s to identify whether some of the patterns related to article length and citations are observed very soon after publication or whether these effects only gradually take effect. Data on total citations, total self-citations, and total citations in each year following publication were collected on each article from ISI's Social Science Citation Index through June 2007.
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Previous literature suggests several variables that might influence citations such as article length, number of authors, and position of the article in the journal. We recorded each of these measures for each article in the sample. In addition to these measures, based on the findings of Ellison, we also recorded (when reported at the end of the article) length of review time in months for regular articles by subtracting the article submission date from the article acceptance date published. For each article, we also counted all equations (numbered and unnumbered) to provide an indication of the degree of quantitative-ness of the article. To investigate whether citations were related to author and/or school quality, we recorded whether any author was employed at a tier 1, tier 2, tier 3, or unranked university according to Perry's classification or at a government agency. These definitions are mutually exclusive; for example, if a paper has two authors and one is at a tier 1 school and another is at a tier 2 school this paper is placed in a tier 1 category. To determine whether the location of authors influenced citations, we noted whether all authors were employed outside the United States. To determine if well-known authors garner more citations than lesser-known authors, we noted if at least of the authors was an AAEA fellow as of 2007. To investigate how citations vary across topic areas, we recorded which subject category the article fell into as indicated in the December issues of the AJAE. 4 Finally, to investigate the potential of a "Matthew effect" we identified whether an article was cited at least once in the year following publication. 5 Finally, due to the findings of Hudson, we determined the number of self-citations from all article authors to determine the effect of such self-citations on total non-self cites.
In addition to some basic statistical tests carried out to determine whether citation patterns differ across years and across article type, the tobit model is used to investigate the effect of each of the aforementioned variables on citations. Table 1 clearly shows that regular papers in the AJAE are cited much more frequently than principal papers or comment/replies. We can reject the hypothesis (p-value <0.001) that total citations are equal across the three categories of papers (regular, principal, comment/replies) according to both ANOVA and nonparametric Wilcoxon rank sum tests for each year. Of course principal papers are typically shorter than regular papers. But even if we compare citations per page across paper type, we continue find that regular papers generate more citations per page (p-value <0.01 according to Wilcoxon rank sum tests) than principal papers and comment/replies for every year in our sample except 2001, for which there was no significant difference. Subsequent regression analysis will yield further insight into whether citation rates differ across paper type holding constant a host of other factors such as article length. Table 2 reports similar statistics for the RAE. As with the AJAE, the average paper published in the RAE in 2005 has received about one-third fewer citations to date than papers published in 2003. In 2003, the RAE did not publish principal papers, but following the policy shift by the AAEA, the RAE published 23 principal (or proceedings) papers in 2005. Table 2 reveals that the average number of citations to the principal papers in the RAE in 2003 was only 0.327, whereas regular papers published in the same year obtained more than twice the number of citations on average, 0.700.
Results
Comparing tables 1 and 2 reveals that within a given year (either 2003 or 2005) and category of paper (regular, principal paper, comment and reply), RAE papers receive many fewer citations on average than papers published in the AJAE. The average number of citations to all regular papers in 2003 was 4.388 for the AJAE, Figure 1 compares the distribution of citations between regular articles in the AJAE and RAE for 2003. This figure shows that articles published in the AJAE are cited more often as the median number of cites in the AJAE is 3 while the median number of cites in the RAE is 1 and the 25 th quartile of AJAE cites is approximately the same as the 75 th quartile for the RAE. It is also evident from this figure that the distributions of citations overlap. Indeed, the most cited article in the RAE garners more cites that 93% of papers published in the AJAE. Interested readers are referred to tables A1 and A2 in the appendix to see the most highly cited papers in each journal by year of publication.
Overall, the frequency of "dry holes" for the AJAE is much lower than the figure of 26% for general economics journals reported by Laband and Tollison (2003) . The percentage of papers receiving exactly zero citations to date is only 5.5% in 1991, 2.2% in 1993, 10.6% in 2001, 9% in 2003, and 45% in 2005 . Clearly the AJAE performs much better than the average journal in Laband and Tollison's (2003) sample of over 91 journals in terms of publishing research that is ultimately cited. Of further note is that a relatively large frequency of papers (over 20%) One of the key questions we address is whether citation rates have risen or fallen in recent years and figure 2 was constructed to investigate this issue. Figure  2 reports the average number of citations per regular article (excluding principal papers and comments/replies) in each year after publication by publication year (excluding 2005 for which there have not been many citations per year). The AJAE data seem to indicate that papers published more recently will peak at a higher level than the papers published in the early 1990's. For example, in the third year after publication, the mean number of citations received was 1.02, 1.33, 1.16, and 1.45 for papers published in 1991, 1993, 2001, and 2003, respectively . However, neither an ANOVA test (p = 0.30) nor a Wilcoxon rank sum test (p = 0.13) indicates that this is a statistically significant difference in citation rates across publication years.
There does appear to be some slight evidence that cumulative citations through the first three years after publication is higher in 2003 for the AJAE than in previous years. Data reveal that cumulative citations through the first three years after publication were 2.62, 3.10, 2.86, and 3.70 for papers published in 1991, 1993, 2000, and 2003, respectively. Results from an ANOVA fail to reject the hypothesis that mean cumulative citations through the first three years is equal across publication years (p = 0.19). However, results from a non-parametric Wilcoxon rank sum test suggests that the hypothesis that the distribution of cumulative citations through the first three years are identical across publication year can be rejected at the p = 0.05 level of significance. Pair-wise tests indicate this finding is primarily a Table 3 reports average number of citations to regular papers across subject categories over the years as well as the percentage of papers published in each of A preponderance of the articles published in the AJAE in the early 1990s was in production economics and supply and in agricultural products. By the early 2000s more articles were published in consumer demand, production economics and supply, and agricultural products. As for the RAE, agricultural products received the highest average number of citations in 2003 while consumer demand and production economics and supply were cited most in 2005. Almost 20% of the articles published in the RAE in 2003 were in industrial organization and close to 30% of the articles published in 2005 were in agricultural and food policy. Overall, these results imply that the popularity of a topic category, in terms of the number of articles published in a category, does not necessarily imply higher citation rates. That is, picking to write an article on a fashionable topic does not ensure that the paper will be cited or vice versa. Table 4 presents summary statistics on the average number of citations to papers published by AAEA fellows and non-fellows. In the AJAE in the early 1990's and in 2001 fellows receive more citations than non-fellows but in 2003 and 2005 nonfellows receive more citations. Of course, there is an endogeneity issue here in that people who published highly cited papers in the early 1990s are more likely to have become fellows in recent years. In the RAE, there is not a significant difference between citations to the work of AAEA fellows and non-fellows. These statistics in table 4 also illustrate that AAEA fellows tend to publish much more often in the AJAE as compared to the RAE.
We now turn attention to investigating factors affecting citations. We perform our regression analysis for the AJAE both on the entire sample of papers and again for regular papers excluding proceedings papers and comments/replies. For regressions involving the AJAE data, we restrict our attention to only those papers published on or before 2003, which have had more time to accrue citations. Following the analysis on the AJAE data, we perform a similar analysis for the RAE. Table 5 reports summary statistics and definitions for the variables used in the AJAE regression analysis. About 39% of the papers are proceedings papers and about 6.6% are comments/replies. Only about 3.3% of papers were lead articles in their issue. Across all papers, the average paper length was 8.6 pages and papers had an average of 9 equations; these figures jumped to 11.3 and 14.8, respectively when focusing only on regular papers. For regular papers, the average review time was about 12.6 months. This is substantially shorter than the mean submitto-accept times for the top economics journals reported by Ellison, most of which were in the 18 to 24 month range. Other data collected but not shown in table 5 indicates that the majority of articles had three authors. Moreover, published articles were about evenly spread across the three school tiers. In the entire data set, about a third of articles were cited at least once in the year following publication and articles received about 0.8 self-citations on average. Notes: * * and * signify statistical significance at the 5 and 10 percent levels. Standard errors are in parentheses. Dummy variables related to subject categories were also included in the regressions and are available from the authors upon request. Table 6 reports marginal effects from two tobit regressions where the dependent variable is the total number of citations through June 2007 less self-citations and less citations occurring the first year after publication. The first column of results pertain to the tobit model fit to the full sample of data from the four publication years and the second column limits the analysis to regular papers only. The year dummy variables correspond to the effect of a particular year relative to 2003. Subject categories were also included in the regressions, but were not included in table 6 to conserve space. Furthermore, our initial model specifications included variables relating to authors' tier of school, whether the author was employed domestically or abroad, number of authors, number of equations, and whether one of the authors was an AAEA fellow. None of these variables were statistically significant so they were omitted from the regressions reported in table 6.
The results reveal that papers and proceeding articles yield about five fewer citations than regular articles and comments/replies yield about 3.5 fewer citations than regular articles. Lead-articles (those published first in an issue) garnered 4.8 more citations than non-lead articles. Consistent with previous literature, we generally find that longer articles are associated with more citations. The only subject Downloaded from https://academic.oup.com/aepp/article-abstract/31/4/677/7900 by guest on 13 February 2020 category that had a statistically significant effect on citations was the environmental economics topic and it accounted for 6.9 more citations than the omitted category, general. Citations are significantly affected by whether an article was cited at least once in the year after publication. If the article is cited the year after publication, total citations increase by 2.6, on average. This finding is consistent with a Matthew effect-the rich got richer. Receiving an immediate citation could be an indication of quality as higher quality papers are likely to receive more immediate and late citations. However, the result could also be due to an "advertising" or "signaling" effect. Seeing an article cited quickly after publication brings it to the attention of others. A similar "advertising" effect can be noted by the result associated with self-citations. Each self-citation boosted citations from others by an average of 3 citations.
The second column restricts attention only to regular papers that have gone through the normal review process. Dummy variables for paper type were omitted and a variable for review time was included. Overall, results are similar to those in the first column. In this specification, article length is unrelated to citations, which is probably a result of the fact that in the first specification article length was picking up the fact that proceedings articles are typically shorter than regular articles. For regular papers, review time was found to be positive and statistically significant. According to Ellison's arguments, longer review times lead to an increase in quality and it is perhaps this higher quality that generates greater citations. Even when attention is restricted to regular papers, we continue to find that self-citations and receiving a citation in the year after publication have significant effects on non-self cites. When restricting attention to regular papers only, environmental economics continues to be cited most often, garnering 12.6 more citations than the general category, and consumer demand yielded 5.6 more citations than papers in the general category; no other topic area was significantly different than the general category at a 10% significance level. Table 7 reports a similar analysis carried out only on regular papers published by the RAE in years 2003 and 2005 . Subject categories were included in the initial analysis but since no categories were statistically significant they are omitted from the results presented in table 7. Similar to the findings from the AJAE, we find being cited in the year following publication significantly influence non-self citations. Holding other factors constant, the lead RAE article does not receive more cites as compared to other non-lead articles. Although the previous tables indicated that the AJAE receives more citations than the RAE, comparing tables 6 and 7 reveals that the factors that influence the number of citations are similar between the two AAEA journals.
Conclusions
This manuscript investigated whether citation patterns to the AJAE have changed over the past 15 years, identified differences in citations between the two AAEA journals, and investigated factors correlated with citations. We found that even though the AJAE was online and therefore more readily accessible in the 2000s than in the early 1990s, there is no statistical difference between citations-per-year in the first three years after publication between the 2000s and 1990s. Overall, papers published in the AJAE tend to have an impact. For papers published in the early 1990s, the average number of citations as of June 2007 for regular papers was about 14.5 and the median number of citations was around 9. The number of regular papers in the AJAE that are "dry holes" (i.e., failed to obtain at least one citation) is less than 6% for papers published in the 1990s and less than 11% for papers published in 2001 and 2003, which is much less than the figure of 26% in Laband and Tollison's (2003) study of 91 economics journals. The AJAE not only out-performs the average economic journal in terms of citations, it out-performs top economics journals in terms of review times. The mean time from submission to acceptance averages about a year for the AJAE, but by contrast, Ellison reports that the review time for top economics journals ranges from 1 to 2.5 years.
The RAE also has an impact, but to a lesser extent than the AJAE, at least as measured by citations from other academic journals. For example, the average number of citations to all regular papers in 2003 was 4.4 for the AJAE, but only 1.8 for the RAE. Despite the fact that the average AJAE article receives significantly more citations than the average RAE article, the distribution of citations overlap. The most cited article in the RAE in 2003 garnered 11 citations, which is more citations than was received by 93% of papers published by the AJAE in the same year. This finding suggests that some caution must be taken in inferred impact of a particular article from the overall impact of the journal in which it was published.
Although the number of citations an individual article receives is important, professional associations and journal editors are also interested in total citations to the journal, which factor prominently in journal rankings. According to Barrett, Aliakbar and Bailey, journal rankings are used in hiring and promotion and tenure decisions, allocating library funds, and authors' decisions as to where to submit manuscripts and which journals to read. The ISI impact factor for the AJAE, which is an indication of the frequency with which the average article in a journal is cited in the two years after publication, has increased from around 0.6 in the early 2000s to about 1.2 in 2006.
Our analysis suggests, however, that this rise in impact factor is primarily due to the fact that the AJAE stopped publishing the winter proceedings papers and has convinced ISI to omit the fifth issue, which contains the summer proceedings papers, from its impact factor calculation. Although some might see these changes as "gaming the system" to increase the impact factor, our analysis suggest that signals of paper quality (as measured by self-citations and immediate citations) have a substantive effect on citation rates. To the extent these findings carry over to imply signals of journal quality, such changes in journal policies may well capitalize on the Matthew effect: perceived higher citation rates improve journal rankings and higher ranked journals induce higher-quality submissions. 
Endnotes
1 Social citation counts are not a perfect corollary to knowledge or impact for reasons such as those mentioned by Klein and Chiang. Nevertheless, citation counts are perhaps the best metric available for identifying the extent to which a work contributes to the body of knowledge. Indeed, counts of citations in patents are often used to study "knowledge dissemination" and "knowledge diffusion," e.g., see Alcacer and Gittelman. 2 The RAE was not included in ISI's Citation Index until 2003, and thus we are limited by this date. Because we have data on citations to every article published in a given year, it could be argued that we have a population rather than a sample of papers, which would suggest standard tests of statistical significance would be misplaced. In one sense, this is true. However, when we use this data to make inferences about citations in the future or to make statements about counterfactuals regarding the citations a paper could have received if it had a different set of characteristics, it becomes apparent that we conceptualize the data as a sample from some true population of citations that extends into the future and for which we happen to have witnessed a set of draws with particular characteristics.
3 Some Internet web sites such as www.googlescholar.com also report the number to citations to academic journal articles. However, unlike the ISI Social Science Citation Index, the exact methodology used to count citations is unclear, and casual perusal of the citations from such web sites reveals a high level of "double counting" and citations from unpublished working papers. To determine the extent to which citations from googlescholar may different from the ISI Social Science Citation Index, we compared citations across these two sources to all papers published in the AJAE in 2003. The average number of citations to a paper was over two times higher according to googlescholar than according to the ISI Social Science Citation Index (6.96 vs. 3.01), most likely due to the fact that googlescholar includes a much wider range of sources than the ISI Social Science Citation Index and because, as previously mentioned, there is a fairly high level of "double counting" in googlescholar. Nevertheless, the correlation coefficient between citations from these two sources was 0.86, meaning both sources seem to be measuring roughly the same thing in a relative sense, i.e., a paper that is highly cited in the ISI Social Science Citation Index is also highly cited in googlescholar. For the remainder of the paper, we restrict our attention solely to citations from the ISI Social Science Citation Index. 4 A slightly different classification scheme was used in the 1991 issue of the AJAE as compared to subsequent years, and as such the authors' judgment was used to re-classify the 1991 articles using the post-1991 scheme. The RAE does not publish subject classifications, so we used our judgment to assign papers to one of the 11 categories.
5 This effect relates to the biblical verse Matthew 13:12, which in the King James Version reads, "For whosoever hath, to him shall be given, and he shall have more abundance: but whosoever hath not, from him shall be taken away even that he hath."
